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Old Boston New Boston

Much has happened since 
1970 when EPA was formed 
and the Clean Air Act 
Amendments were passed.
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“The year 2010 marks the EPA’s 40th 

anniversary. It is a moment of celebration 
but also a time when we face some of the 
most complex and far-reaching 
environmental challenges in the history of 
the EPA, our nation and our planet.”

Our Challenge:  “21st century 
environmental problems require 21st

century solutions; we cannot 
effectively address such challenges 
with 20th century approaches”

Lisa Jackson
EPA Administrator

EPA – New Challenges
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History - Particulate Matter Centers
• 1997 – NAAQS for fine particles & 1998 EPA directive to address 

uncertainties in the evidence of PM health effects

• 1999 – EPA awarded five university-based PM research centers for 
five years

• 2002 – Science Advisory Board review 

• 2004 – National Research Council recommendations 

• 2005 – EPA awarded five new PM research centers

• 2009 – Science Advisory Board recommends continued focus on PM 
and other single pollutant research with new efforts to address 
mixtures of air pollutants

• 2011 – Announce four new Clean Air Research Centers

Presenter
Presentation Notes
EPA was directed to provide support to the National Academy of Sciences National Research Council to develop priorities for a comprehensive PM research program and review of research progress over the next five years. The recommendations in the NRC Committee’s first report, Research Priorities for Airborne Particulate Matter, I: Immediate Priorities and a Long-Range Research Portfolio (National Research Council, 1998), were used as a major source of guidance for the original PM Centers Request for Applications (RFA).Grants for five Centers were awarded in 1999, and the program was reviewed in 2002 by EPA’s Science Advisory Board.  The SAB panel concluded that the PM Centers program was succeeding at its mid-way point and it ought to be continued with another competitive RFA (U.S. EPA Science Advisory Board 2002). The emphasis of the first PM Centers was to improve scientific understanding and reduce scientific uncertainty in the association between PM exposure and adverse health effects. The Centers made substantial progress in this area and the highest priority questions for PM shifted from whether PM could be responsible for such adverse health effects to what sources and attributes of PM (e.g., size fraction, chemical components, etc.) were primarily responsible for different health outcomes.Following the issuance of the 2004 NRC report, Research Priorities for Airborne Particulate Matter, IV: Continuing Research Progress (National Research Council, 2004a), EPA held a second competition for the PM Research Centers program. As emphasized in the final NRC report, this RFA asked respondents to address the central theme of “linking health effects to PM sources and components,” and to focus on the research priorities of susceptibility, biological mechanisms, exposure-response relationships, and source linkages. From that RFA, the five current centers were funded for five years, 2005–2010.In the fall of 2008, EPA requested a second review of the PM Research Centers program by the EPA’s Science Advisory Board. The SAB praised the successes of the PM Research Centers in reducing scientific uncertainty in atmospheric particle composition, transformation, exposure and health impacts (U.S. EPA Science Advisory Board 2009). Additionally, the panel recommended that future research centers balance a continued focus on PM and other single pollutant research with new efforts to address mixtures of air pollutants. This single pollutant research, the panel emphasized, should also be conducted in a multipollutant context. 
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PM Center Select Findings

• PM affects both the lung and heart and is a significant 
contributor to cardiovascular effects 

• There may be other effects on the body (e.g. brain)

• Particle size, number, composition and distribution are 
important and we are getting better at measuring PM

• We are getting better at understanding the different 
toxicity of different sources of PM (e.g. traffic)

• Disease and death can vary across communities and 
across seasons

• Reducing fine particulate matter pollution has increased 
life expectancy by 5 months or more

Presenter
Presentation Notes
“5 months or more” - Pope, Dockery, Ezzatti, NEJM 2009 Rob Brooks AHA report 2011 “exposures over a few days and reduces life expectancy within more highly exposed segments of the population by several months to a few years.” (Circulation. 2010;121:2331-2378.)
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Clean Air Research Centers
Key objectives:

• Research health effects of exposure to particulate matter (PM), 
ozone, and other air pollutants, both singularly and in multipollutant 
atmospheres. 

• Take an integrated approach to their  study designs. 

• Consider social factors (e.g. where people live) when studying 
health effects to air pollution sources (e.g. traffic)

Health
OutcomeExposure

Dose
Atmospheric

Transformation

Source

RegulationPublic Health Benefits

Presenter
Presentation Notes
Linking Health Effects to PM Sources and ComponentsFollowing the issuance of the 2004 NRC report, Research Priorities for Airborne Particulate Matter, IV: Continuing Research Progress (National Research Council, 2004a), EPA held a second competition for the PM Research Centers program. As emphasized in the final NRC report, this RFA asked respondents to address the central theme of “linking health effects to PM sources and components,” and to focus on the research priorities of susceptibility, biological mechanisms, exposure-response relationships, and source linkages. From that RFA, the five current centers were funded for five years, 2005–20106.In the fall of 2008, EPA requested a second review of the PM Research Centers program by the EPA’s Science Advisory Board. The SAB praised the successes of the PM Research Centers in reducing scientific uncertainty in atmospheric particle composition, transformation, exposure and health impacts (U.S. EPA Science Advisory Board 2009). Additionally, the panel recommended that future research centers balance a continued focus on PM and other single pollutant research with new efforts to address mixtures of air pollutants. This single pollutant research, the panel emphasized, should also be conducted in a multipollutant context.Continuing Single Pollutant ResearchAcross the U.S., states and localities are struggling to deal with air pollution that exceeds allowable levels for PM and ozone.  These two pollutants account for the majority of adverse heath effects due to air pollution (Bell et al. 2006, Brook et al. 2004, Jerrett et al. 2009, Pope et al. 2009, U.S. Office of Management and Budget 2009).  EPA’s research program must continue to focus on understanding the linkages between sources of these pollutants, transformations in the atmosphere, actual human exposures, and resulting health impacts.  While much progress has been made in recent years in linking PM components and sources to adverse health effects (Delfino et al. 2008, Lund et al. 2006, Maynard et al. 2007, McConnell et al. 2006, Peltier et al. 2008, and Peters et al. 2004), many research gaps remain.  Research on PM10-2.5 and PM0.1 has increased; but evidence is limited or conflicting for connecting short-term exposures to PM in these size fractions with mortality and cardiovascular and respiratory morbidity (U.S. EPA 2008). Also, studies on long-term exposure to ultrafine and coarse PM will be challenging to do, but are of great importance for understanding cumulative health risks over time.  Health outcomes such as central nervous system, reproductive and developmental effects have not been well-studied for any size fractions.  In addition, research gaps related to ozone include short-term exposure and cardiovascular outcomes, effects of long-term exposure, and mortality risks.  Linking health effects of PM and ozone to sources involves better understanding of primary emissions and secondary products formed in the atmosphere.Moving Toward Multipollutant Air ResearchIn recent years, air pollution scientists and policy makers have recognized the potential benefits of adopting a multipollutant approach to evaluating health impacts of air pollution and management of air quality (National Research Council, 2004b).  These include more realistic estimates of health risk that capture interactions among multiple pollutants and the potential for more cost effective approaches to controlling emissions.  There are many elements that support moving toward a multipollutant framework for research and air quality management (Sheffe et al. 2007). These include the multipollutant nature of: 1) sources of emissions (e.g. utilities emit NOx, SO2, PM2.5); 2) controls of emissions (e.g. reduced hydrocarbon emissions from mobile sources affects PM, ozone and air toxics); 3) atmospheric processes (e.g. NOx is a precursor to both ozone and some PM2.5); 4) receptors (e.g. humans breathe in a mixture of ozone, PM, and other pollutants); and 5) effects (e.g. ozone and PM both contribute to respiratory disease). The approach of evaluating air pollutants one-by-one does not fully capture the influence other pollutants may have on health outcomes.  A single pollutant approach fails to address unmeasured or infrequently measured pollutants that could have significant health effects. There can be important health consequences from exposure to the air pollution mixture as a whole (Brook et al. 2009). For example, health effects from synergisms between ozone and other pollutants have been demonstrated in experiments involving humans and animals (Mauderly and Samet 2009).  In considering how to reduce health risks, “…the total health burden of air pollution might be more effectively addressed if many pollutants were considered together by common sources, reactivity, and biological impact, rather than one-at-a-time” (Brook et al. 2009).The NRC concluded that air quality management would be more effective if it moves from the current pollutant-by-pollutant management approach to a more integrated multipollutant strategy (NRC 2004b).  Developing a multipollutant air quality management approach has multiple dimensions, including: 1) achievement of single pollutant goals recognizing multipollutant sources and atmosphere; 2) achievement of single pollutant goals recognizing co-benefits for other pollutants; 3) combinations of strategies to efficiently address multiple air quality goals; and 4) strategies to address multipollutant risks, recognizing synergies and tradeoffs in controls, air quality, and effects (Scheffe et al. 2007). However, developing multipollutant management approaches based on evaluation of multipollutant health risks is limited by the available scientific evidence on multipollutant effects on exposure and health.Support for a multipollutant research strategy comes from the recognition that research should address the variety of ways that individual pollutants interact within a complex atmosphere and how multipollutant atmospheres may differentially impact human health effects compared to a pollutant-by-pollutant approach.  The many ways that research may inform new, integrated policy approaches reflects the importance of multipollutant research.Consideration of Social Determinants of HealthAlong with the complexities of understanding the impacts of multipollutant atmospheres, is the need to understand other factors which may be affecting health outcomes.  Great advances in understanding human biology and its interaction with behavior and social factors have been made in recent decades (Link and Phelan 1995, Williams 2005).  Researchers have demonstrated that living in a disadvantaged neighborhood is associated with an increased incidence of coronary heart disease (CHD), even after controlling for measures of socio-economic status, e.g., personal income, education, and occupation and after adjustment for CHD risk factors including smoking, hypertension, and body mass index (Diez-Roux et al. 2001).  In addition, as increasing emphasis is placed on linking health effects to air pollution sources such as traffic, research is needed to understand the role of other factors (e.g., noise, stress) in potentially affecting health outcomes. This RFA includes a description (below) of the research needs which the Clean Air Research Center applicants will address. These needs are necessarily broad, reflecting the cross-disciplinary aspects required to characterize and understand the complex connections linking single- and multipollutant exposures with human health effects.
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What lies ahead?
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Air Climate and Energy

There is a need for 
integrated systems 
approaches that 
transcend the traditional 
scientific disciplinary 
paradigm. 

Air 
Quality 

Energy Climate

Human & 
Environmental 

Health

Clean Air 
Research 
Centers



9U.S. Environmental Protection Agency
Office of Research and Development

Multipollutant approaches take into account that 
humans and ecosystems are exposed to many air 

pollutants at the same time

Presenter
Presentation Notes
MESSAGE: Our nation’s urban areas are most likely to have all three issues (O3, annual PM, and air toxics)Some rural areas have high concentrations of at least one of the three air quality issues..  High Risk Counties often Coincide with Locations where Criteria Pollutant Issues are Significant What does this map tell us about our research needs?To start with, we need to improve our understanding of air quality issues for these urban areas and airsheds.Why?  So we can then identify the contributing sources and multi-pollutant control opportunities that will address significant health and environmental risks and, when appropriate, focus on improvements for vulnerable populations (children, etc).AND, we need to move to win-win-win strategies to protect public health that also recognize climate impacts/benefits.
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• Climate Change & Air Quality are inherently multipollutant.
• The interactions of air quality-climate with undoubtedly have 
health and environmental consequences.

• We need to be aware and prepare now.

Embedded critical issues: 

“One Atmosphere” is Now

environmental justice

susceptible populations

Global change

Communities
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Goal and Objectives for Today’s Meeting

Collaborate on Air Quality and Health Research in a 
Multipollutant Context

Objectives:
• Share information on the CLARC research
• Introduce EPA research capabilities
• Discuss challenges of joint interest
• Explore the evolution of multipollutant research
• Identify potential projects for collaboration
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CLARCs

GLACIER

SCAPE

Harvard

University of Washington

EPA - RTP
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CLARC Directors
Great Lakes Air Center for Integrative 
Environmental Research (GLACIER) 
• Jack Harkema, DVM, PhD, Michigan State University

Harvard Clean Air Research Center
• Petros Koutrakis, PhD, Harvard School of Public Health

University of Washington Center for Clean Air 
Research 
• Sverre Vedal, MD, MSc, University of Washington

Southeastern Center for Air Pollution and 
Epidemiology  (SCAPE)
• Paige Tolbert, PhD, Emory University 
• Ted Russell, PhD, Georgia Institute of Technology

Presenter
Presentation Notes
Dr. Harkema is a University Distinguished Professor in the Department of Pathobiology and Diagnostic Investigation at Michigan State University (MSU). He is Director of the Laboratory for Experimental and Toxicologic Pathology at MSU and Director of the Great Lakes Air Research Center for Integrated Environmental Research, an EPA Clean Air Research Center, with air pollution and health effects research projects at MSU, the University of Michigan and The Ohio State University. Dr. Harkema is a faculty member in MSU’s Center for Integrative Toxicology and the NIEHS training program in Environmental and Integrative Toxicological Sciences. His research is in the areas of inhalation toxicology and cardiopulmonary pathobiology, with a focus on the biological mechanisms underlying exacerbations of cardiovascular and respiratory diseases caused by inhaled pollutants (e.g., particulate matter, ozone). He is also a recognized expert on animal models of human respiratory diseases (e.g., asthma, allergic rhinitis). Dr. Harkema has co-authored over 180 peer-reviewed publications and has served on numerous national scientific advisory committees, including those for EPA, NIH and NAS. Dr. Koutrakis is the Head of Harvard School of Public Health’s Exposure, Epidemiology and Risk Program, Professor of Environmental Sciences in Department of Environmental Health, and the Director of the EPA/Harvard University Center for Ambient Particle Health Effects. His research activities focus on the development of human exposure measurement techniques and the investigation of sources, transport, and the fate of air pollutants. In collaboration with his colleagues in the Environmental Chemistry Laboratory, he has developed ambient particle concentrators and high volume samplers that can be used to conduct human and animal inhalation studies. He has also developed a personal ozone monitor, a continuous fine particle measurement technique and several other sampling methods for a variety of gaseous and particulate air pollutants. These novel techniques have been used extensively by air pollution scientists and human exposure assessors in United States and worldwide. Dr. Koutrakis has conducted a number of comprehensive air pollution studies in the United States, Canada, Spain, Chile, Kuwait, Cyprus and Greece that investigate the extent of human exposures to gaseous and particulate air pollutants. Other research interests include the assessment of particulate matter exposures and their effects on the cardiac and pulmonary health. Dr. Vedal is a board-certified pulmonary physician and an epidemiologist. Before joining the faculty of the University of Washington in 2004, he worked for 18 years as an academic pulmonologist at the University of British Columbia in Vancouver, and then for three years at the National Jewish Medical and Research Center in Denver, Colorado. His research interests are in the health effects of air pollution and occupational lung disease. Dr. Vedal teaches courses in the School of Public Health and Community Medicine (see links below) and sees patients in the Occupational and Environmental Medicine Clinic at Harborview Medical Center. He is a NIOSH-certified chest x-ray B-reader. Dr. Vedal served as a member of the EPA Clean Air Scientific Review Committee (CASAC) from 1997-2003 and on the Review Committee of the Health Effects Institute (HEI) in Boston, MA from 1999-2007. He continues to serve on CASAC panels. He has been a member of NIH study section and serves now on an ad hoc basis.Dr. Paige Tolbert is Professor and Chair of the Department of Environmental Health at the Rollins School of Public Health, Emory University. She conducts research in environmental and occupational epidemiology, with emphasis on studies of chemical exposures and acute and chronic health outcomes. She seeks to elucidate etiologic relationships between occupational and environmental exposures and disease, using small intensive molecular epidemiologic approaches as well as large classical epidemiologic study designs. Ongoing studies include studies of air pollution in Atlanta in relation to 1) ER visits for asthma and cardiovascular conditions (funded by NIH, USEPA, and EPRI), 2) arrhythmic events in patients equipped with implanted defibrillators (funded by EPRI), and 3) apnea in high-risk infants (funded by NIH). Another study, jointly funded by NIH and USEPA, is evaluating the occurrence of endocrine-related disorders in 1500 women exposed to polybrominated biphenyls through a farm-feed accident in the 1970s. Dr. Tolbert is currently involved in pilot work for a study of Parkinson's disease and gene-environment interactions. Dr. Tolbert is also studying neurobehavioral outcomes in newborns exposed to polychlorinated biphenyls and lead, and health effects of machining fluid exposure in automotive manufacturing workers. Recently completed studies include a five-year NIH-funded study of environmental risk factors for lymphomas and sarcomas. A second recently completed study assessed the hypotheses that organochlorine exposure is associated with pancreatic cancer risk and that this association is mediated through k-ras oncogene activation. 
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